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IN THE SPECIFICATION 

Add the following sentence as the first paragraph 
following the title. 

The present application is based on pri or U.S. 
application No. 09/580.560, filed on May 3 0. 2000, which is 
hereby incorporated by reference, and p riority thereto for 
common subject matter is hereby claimed. 

Amend the title as follows. 



LOW VOLTAGE OUTPUT DRIVE A MPLIFYING CIRCUIT 

Amend the text from page 1, line 6, through page 3, line 
30 as follows. 

The prcocnt invention jiclatca in general to olootronic 
circuito and, moro particularly, to depletion mode metal ojcido 
ncmioonduotor (MOC) dovioco in a eerieo configuration. 

Cupcrvioor olrouito find uac in moot if not all oyotom 
supervisor applications. Gyotomp requiring oupcrvioor oironit n 
a rc divcroc n n fl seveg a wide wattge of uaco from battery - 
powcrod cquipmont, computero, embedded oyatcmo> and 
mioroproco u Dor power oupply monitoring. The oupcrvioor oirou l t 
monitoro a oupply voltage and provider a rooot olgnal to the 
microprocess o r in "h" p^nmnnn nf a low ouppIv w u lLagg. If fh n 
aupply volLage falla bolow aomo opooificd operating threshol d 
the ouporviJ u r circuit u. lggcra a J-tuot of tliu u L Loroproceaia o r- 
Typieally, the oupcrvioor ixrouifc eouoiat of a comparator te e 
monitor ehangca in the oupply voltago, and a trigger circuit 
to rooct the mioruprooaopoi upon a oupply voltage drop. If the 
comparator dctcctg a ohango in oupply voltage with j i' cppcot to 
a voltage referent, eengaasafeeg nondo a signal to the 

-3- 



Rec«vedfrom< > at 5123(02 7:42:41 PIKI (Eastern Daylight rime] 



T-196 P. 005/015 F 

May-23-2002 04:52pm Fron- 

ONS00030P 

trigger circuit - to reset the migroprocosaor: - 
Ad an oataanplo, a - oupcrvioor eireuit monitors the supply 
voltage line of a miojoproccooo - r and compares the oupply 
voltage to a voltage reference. . If the supply voltage to the 
microprocessor dropa below - the voltage rof cronoo - tho 
oupcrvioor circuit detecto t he voltage drop and reacts the 
mioroprooocsor, and puts the mioroproooooor in a fault mode. 
rrho nicroprooceaor otayo in the fault mode until the pupply 
voltage ino i eacco above the volta g e reference, at which teiae 
the supervisor oirouit removoo the pooofc - and the 
micr - opr - oocosor thereafter opcraton in o normal mode. 

m o u utput of cuTi c nt prior ai t suporvi jOL u lroultn h a ve 
a state at -Which it can not guaran t ee an out p ut i£ the supp l y 
voltage drop o bolow some threshold voltage. Tin point bolw 
t he thr es h old vn'lt . rj" wfaaeh tehe n niout of the oupo i vipog 
oirouit is - not guaranteed io dependent up o n the m i nim um 
voltage roguiarod to operate tho - trigger c Uc uit. Typica l 
implementation* , of a trigger circuit in the prior art are open 
drain or o o mpllmentary transistor conf igu i a L i o ns , Doth nf 
thcoo oonfigurationo require a minimum volta g e t o be n p p l i rcl 
L u the dcv l cco hr f nr- tefee devAees aro operative. Ao a rocultr 
if t h e rupp li Tr l t-j" ' ■ tefae w^frooroooaoor dx u pa below t hn 
minimum voltage reguired to operate tetee trigger c ircuit, tho 
o utput of the supervisor r.iiouit oan not bo guaraiilood and th n 
mloroproooouor may inadvertently f all out of a fault mod<^ 
Moo, for low uultagc ap p lications the supply - voltage may 
op e rate close to the minimum volt ngo required to operate t h o 
Uiggox cir c uit, again resulting in an operation wherc - th o 
l u loroproocjjor may fall out of a fault modn ■ 

L u w tf u lUgo applications typically require linear 
regulators ■ - h linear regulator feafees in an unregulated inpu t- 
v o ltage and i nverts it to a rogulaLed output voltago. Tho 
prior art typically uaoa - un enhancement mode p L y p e transint n r 
and a controller to p ro vide the regulation. When tho 
enhancement mode p type toronoiut - oi: io tiuncd off by the 
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controller, — there io oomc leakage current through tho 
enhancement mode - p - typo tranoistor. The leakage current In 
typically invorocly related to tho throohold voltage of tho 
enhancement mode p typo translator. Thuoy you have to make the 
threshold voltage of tho enhancement mode p ' typo tranoiotor 
higher to roduoo tho leakage current. However, tho input 

voltage muot bo at lcact the - throohold vo - l - tago of - the 

enhancement mode p typo tranoiotor to turn tho linear 
regulator on. Therefore > to operate a linear regulator at a 
low voltage rooulto in a high leakage current through tho 
device : - 

With advancing technology , moot-oupply voltagoo to 
□yotemo will drop down tx> the minimum - voltage required to 
operate current prior art enhancement modc - dcvicco . For 
example # — if the aupply voltage of a microproccooor operatoo 
oloDO to - the minimum - voltage - required to operate the trigger 
oircuit the microproGCooor may - oxpoff - ionoo inadvertent fault or 
operating modes. Furthermore, — it would not bo poociblo for a 
oyotcm to have a linear regulator operate at a low voltage 
with little or no leakage current uoing prior art enhancement - 
mode devicoo. Thus, to moot advancing technology, a need 
exiotp - for a oircuit which can operate elooc -fe - o aoro volto to 
replace trigger circuito presently uocd in-prior art 
aupcrvioor cireuita to guaranteo an output of tho - oupcrvioor 
circuit for all input voltage levola- Aloo, - the - circuit inuat 
provide a linear regulator to operate in a low voltage 
environment without a high lealcago current ao aeon with 
current - prior art technology? 

The present invention relates in general to electronic 
circuits and, more particularly, to amplifying circuits that 
operate at low supply voltage levels ■ 

As integrated circuits achieve higher levels of 

integration, there is a corresponding need to operate the 
circuits at reduced voltage levels in order to maintain power 
' ~~ " ^ -5- 
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dissipation at manageable levels. For example, it is 
anticipated that future microprocessors and other digital 
circuits will need to operate with power supply voltages of 
0 ■ 5 volts to maintain an acceptable die temperature . Future 
circuits are expected to operate with even lower supply 
voltages ■ 

A low supply voltage typically is produced by a voltage 
regulator implemented as an integrated circuit. The regulator 
includes an error amplifier to sense the supply voltage and 
feed back an error signal that adjusts the voltage level -to 
maintain regulation. The error amplifier and its associated 
circuitry preferably also operate at a low voltage in order to 
achieve a low power dissipation by the regulator circuit. 

Most if not all integrated circuit amplifiers operate 
only at supply voltages that exceed the conduction threshold 
of the integrated circuit's transistors. When the supply 
voltage drops below the conduction threshold level, the 
transistors cease to function and gain o£ the amplifiers drops 
quickly to zero* In a case where the amplifier is being used 
in a voltage regulator, the rapid loss of gain can cause the 
regulators output voltage to transition out of its specified 
range, which can damage both the regulator and the circuits 
operating from the regulator's output supply voltage. 

Accordingly, there is a need for an amplifier circuit and 
method of amplifying that maintains functionality at lower 
supply voltages than what is currently available. 
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The paragraph beginning on page 4, line 4 is amended as 
follows . 

FIG. 1 is a block diagram of a supervisor circuit and 
microprocessor; 

FIG. 2 is a waveform plot of an output signal of a prior 
art supervisor circuit; 

FIG. 3 is a waveform plot of an output signal of a 
supervisor circuit; 

FIG. 4 is a schematic diagram of a trigger circuit of the 
supervisor circuit; 

FIG. 5 is a block diagram of a prior art linear regulator ; 

circuit ; 

FIG. 6 is a block diagram of a first regulator circuit; 

FIG. 7 is a schematic diagram of a second regulator 
circuit including an amplifier; 

FIG. 8 is a schematic diagram of the amplifier; and 

FIG. 9 is a schematic diagram of an alternate e mbodiment 
of the amplifier. 
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Please insert the following text after page 12, line 17. 

In the following figures , elements having the same 
reference numbers have similar functionality . 

FIG. 7 is a schematic diagram of a voltage regulator 100, 
including an amplifier 102, transistors 104 and 106, resistors 
108 and 110 and capacitors 112 and 114. Voltage regulator 100 
receives an input supply voltage V 5 upp on a supply terminal 
coupled to a node 118 and produces a regulated voltage V R E q at 
an output 120 . Regulator 100 is suitable for integrating on a 
semiconductor die to form an integrated voltage regulator 
circuit. 

Resistors 108 and 110 are scaled to a predetermined ratio 
and serially coupled between output 120 and ground potential 
to function as a voltage divider that monitors or senses 
regulated voltage Vr eq and provides a divided sense voltage 
Vsshs e on a node 122. 

Amplifier 102 comprises a differential input-dif f erential 
output voltage or transconductance amplifier configured to 
operate from supply voltage V fiUP p at values approaching zero 
volts . In one embodiment, Vsupp-0 ■ 3 volts. An inverting input 
is coupled to node 122 to receive sense voltage Vs ems b and a 
non-inverting input at a node 124 receives a reference voltage 
Vrefi . An error voltage V? . Rft = (VasFi-Vsiaia e) applied across the 
inverting and non-inverting inputs is amplified to produce a 
differential output signal Va mp« (Vamp* -Vamp- ) across output nodes 
128 and 126, where Va mp- and Vamp, are the component signals of 
Vam p and have opposing phases. 

The transient characteristics of amplifier 102 are a 
function of the impedances of nodes 126 and 128 , which are 
determined by loop stabilization capacitors 112 and 114 and 
the gate capacitances of transistors 104 and 106 , and 
therefore are highly capacitive. Accordingly, the output 
stage of amplifier 102 is configured to drive nodes 126 and 
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128 with currents high enough to meet specified transient 
response characteristics and low enough to ensure loop 
stability under the specified operating and environmental 
conditions of regulator 100, 

Transistors 104 and 106 are formed as metal oxide 
semiconductor field effect transistors (MOSFET) operating in 
the depletion mode. Transistor 104 is an n-channel MOSFET 
while transistor 106 is a p-channel MOSFET as shown in FIG. 7. 

Transistors 104 and 106 are serially coupled between input 
120 and output 118; with their sources being commonly coupled 
to a node 127 to function as a pass element of regulator 100 - 

Because transistors 104 and 106 are formed as series coupled 
depletion mode devices, their conduction thresholds are 
negative , so they are conductive even with zero volts of gate 
to source bias potential. As a result/ regulator 100 is able 
to maintain regulation when the input-output voltage 
differential (Vsupf-Vreg) approaches zero volts. In one 
embodiment, input-output voltage differential (V sppp-Vre o) is 0-2 
volts. In one embodiment/ transistors 104 and 106 are formed 
to have typical conduction thresholds of -0-2 volts / thereby 
providing conduction at zero volts of gate to source 
potential . 

In operation/ assume that V S up p=0«3 volts, VR gpigQ.125 volts 

and Vr P C initially is zero, with a target value of 0-25 volts. 

Further assume that the resistances of resistors 108 and 110 

are equal, so V s ™ss=Vreg/2 ■ Since Vreg is zero, Vs emse is zero as 

well, and therefore less than Vr ppi, so Vamp- decreases while 

Vimp, increases, turning on transistors 104 and 106 t o couple a 

current I load from input 118 to output 120 to charge an e xternal 

load capacitor 130 to increase the value of Vr eg- ItOAD 

continues to flow until V R E a reaches its target value of 0.25 

volts , at which time V ^^Vtcrpi ^O . 12 5 volts, approximately- 

While Vr b g is at its target value, amplifier 102 controls the 

conduction of transistors 104 and 106 such that Il oa d flows at a 

level sufficient to supply the current requirements of the 

-9- 



Received from <> at 5/23102 7:42:41 PM [Eastern DayiightTime] 



May-23-2002 04:54p» Frc- T " ,9S P • 0,,/0,5 H4 « 

-10- ONS00030P 

load circuitry (not shown) operating from Vr sc , thereby 
maintaining regulation. In one embodiment, regulator 100 is 
configured to supply I L qad to a magnitude of one hundred 
milliamperes , 

Under normal conditions Vreg does not exceed its target 
value, but load switching or system noise may result in 
momentarily increasing Vr e g to a value greater than the 0,25 
volt target value. If that occurs, amplifier 102 produces 
values of and Va mp- that reduce the conduction of 

transistors 104 and 106 to allow the flow of current to the 
load circuitry to be supplied from charge stored on capacitor 
130 until Vr e g decays to its target value. 

FIG. 8 shows a schematic diagram of amplifier 102 in 
further detail, including depletion mode MOSFETs 140-144. 

Transistor 140 is an n-channel device whose gate and 
source operate at ground potential to function as a current 
source that supplies a bias current Ih ias to a common node 145, 

Transistors 143-144 are p-channel devices whose sources and 
gates are coupled to node 118 to function as current sources 
or high impedance loads that provide amplifier 102 with a high 
open loop gain. Alternatively, high impedance resistors or 
other types of devices can be used to perform functions 
equivalent to those performed by transistors 140 and 143-144. 

However, such alternative devices have the disadvantage of 
consuming a larger area of a semiconductor die, and therefore 
have a higher cost, than transistors 140 and 143-144. 

Transistors 141-142 are configured as a differential pair 
receiving Vs bks e and V R EP i as a differential input signal that 
routes Ib ta s through transistors 143 and 144 to produce 
component differential signals Vamp+ and V w - of differential 
output signal Va m p- Nodes 126 and 128 are relatively high 
impedance nodes which allow amplifier 102 to be easily 
compensated by capacitors 112 and 114 (shown in FIG, 7) when 
operated in a closed loop condition such as that of regulator 
100. 
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The use of depletion mode devices for transistors 140-144 
maintains their conduction and allows amplifier 102 to 
function at values of supply voltage Vsupp that approach zero. 
Accordingly, amplifier 102 is well suited for low voltage 
applications such as in regulating the supply voltage of a low 
voltage microprocessor. Although amplifier 102 is shown and 
described as being used as an active component of voltage 
regulator 100, it is evident that amplifier 102 is suitable 
for use in virtually any other analog application that would 
benefit from its economical structure and low voltage 
operation. 

FIG. 9 shows a schematic diagram of an amplifier 170 
receiving oppositely phased differential input signals and 
Vim- and producing a single ended amplified output signal Va mm 
at an output 169 > Amplifier 170 is coupled to a supply 
terminal 118 to operate from a supply voltage Vs up p- Amplifier 
170 includes depletion mode MQSFET transistors 140-144 and 
161-164 and a level shift circuit 133 f and is suitable for use 
as a low voltage amplifier in an analog amplification 
application such as an error amplifier in a voltage regulator. 

In an alternate embodiment , amplifier 170 is configured with 
a high transconductance or voltage gain for use as a 
comparator . 

Transistors 140-144 function as a first or input stage of 
amplifier 170 and operate in a fashion similar to that 
described in the description of FIG. 8. Consequently, the 
first stage has the benefit of operating at values of V 3 up p that 
approach zero. 

Level shifter 133 level shifts component differential 

signals Va mp., and Va mp- to produce level shifted signals Vr,s » and 

Vljs- on node 131 and 129, respectively. V L Si . and V L fi - retain the 

information contained in Vamp^ and Va mp- but are level shifted by 

a DC voltage in order to bias transistors 161-164 for the 

desired operation. For example, if class A operation is 

desired/ the level shifting DC voltage may be set to one-half 
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the value of supply voltage V gu ^. Other level shifting 
voltages may be used to provide other classes of operation. 

Transistors 161-164 function as a second or output stage 
of amplifier 170 whose operation is described as follows. 
Transistor 161 is an n-channel device controlled by component 
signal V LS - to set the conduction between supply terminal 118 
and a node 166. Transistor 162 is a p-channel device 
controlled by component signal V LSlh to set the conduction 
between node 166 and output 169. The conduction of 
transistors 161-162 determine the level of a current Is tacki 
that is routed from supply terminal 118 to output 169 as a 
first component of output signal Va m?2» 

Transistor 164 is a p-channel device controlled by 
component signal V L S , to set the conduction between ground 
potential and a node 168. Transistor 163 is an n-channel 
device controlled by component signal to set the 

conduction between node 168 and output 169 , The conduction of 
transis tors 163-164 determines the level of a current I S tack2 
that is routed from ground to output 169 as a second component 
of output signal VW ? A 

Output voltage Va mps is developed from an output current 
i out that flows from output 169 to a load 180 as the difference 
between currents Is tacki and I stacks - 

It can be seen that the present invention provides an 

amplifi er that occupies a small die area and has a low cost 
while operating with an input-output voltage differential 
approaching zero volts. First and second depletion mode 
transistors operate in response to first and second signals, 
respect ively, to route a first current from a first supply 
terminal to an output of the amplifier. Third and fourth 
depleti on mode transistors operate in response to the first 
and sec ond signals to route a second current from a second 
supply t erminal to the output. The first and second currents 
are sum med to develop an output signal at the output > The 
negative thresholds inherent in depletion mode transistors 
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ensures active f unctionality with 2ero volts gate to source 
potenti al, which allows the amplifier to function at very low 
supply voltages, e ven approaching zero volts. The first or 
secon d signal can be coupled to a reference voltage to operate 
the amplifier as a voltage regulator. 
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